In the course of an investigation into the aetiological relationship of the haemolytic streptococcus to acute rheumatism, intradermal reactions to an extract of a strain of that organism were carried out on a series of 586 individuals, comprising rheumatic and control groups. Certain of the results as they relate to rheumatism are recorded elsewhere', 4, and a review of the relevant literature is to be found in those reports. In many cases the skin reaction of the same patient was tested at intervals, and in every case the Dick reaction was carried out and a throat swab cultured for haemolytic streptococci.
ARCHIVES OF DISEASE IN CHILDHOOD
The strain used was a haemolytic streptococcus (1ICX.) isolated from the throat of a rheumatic patient. It was a typical strain of S. pyogenes in its cultural and biochemical reactions and was not related serologically to any of the scarlatinal types of Griffith. The Dick toxin and Dick control used throughout were the commercial products of Burroughs Wellcome Ltd., supplied diluted for use. In many cases repeated tests were made on the same patient at intervals of two to four--weeks.
Results.
The skin reaction to H.S.E. in relation to age.*- Table 1 summarizes the results of the first test on each of the patients of the series. The incidence of positive reactions to H.S.E. increased up to ten to fourteen years and then remained practically constant. The figures for the Dick reaction suggest that the cases of the present series had more than the usual contact with haemolytic streptococci. Thus, the Dick-positive rates in all age groups were unusually low, never reaching 20 per cent. in any group of sufficient size to justify a percentage estimate. (see table 3 ). It will be noted that the fourth quarter Correlation of throat culture and skin reaction.-The presence or absence of streptococcus haemolyticus in the throat swab at the time of the test did not appear to influence the skin reaction. In the presence of the organism 72-6 per cent. of 157 cases gave positive skin tests while in its absence the figure was 73-9 per cent. of 402 cases. The streptococci isolated were all examined for haemolysin production in 10 per cent. serum broth and classified as non-haemolytic if it was not demonstrable. The time-lag between throat infection and appearance of allergic skin-reaction may account for the results obtained, past rather than concurrent infection being the iiimportant factor. This was shown in scarlet fever by Gibson and McGibbon'. A more likely explanation is that streptococci vegetating on the surface of the pharyngeal mucosa without invading the tissues do not bring about reactivity to their products (see later). (table 4) were of considerable interest. There is a remarkable similarity in the incidence of streptococcus haemolyticus in the throats of patients in the three groups, Dick-positive, Dick-pseudo-positive and Dick-negative. Haemolytic streptococci were isolated from 29 9, 29 7 and 28-7 per cent. of these groups respectively. This suggests that the majority of the haemolytic streptococci encountered were either present in the throat as non-invasive commensals or were non-toxigenic.
Repeated tests with H.S.E. in the same patient.-At intervals of two or four weeks repeated skin tests were carried out on 152 patients of our series. The number of tests on each ranged from two to ten. It was at once seen that the skin reactivity of the patients was not constant but varied in an irregular way. In some cases the initial test yielded a marked reaction which tended to show fluctuations at later tests. In others the reaction originally absent, gradually developed on repeated testing. Table 5 illustrates a few of these results taken almost at random from those patients whose stay in hospital was of long duration. The same preparation was used throughout and the technique and reading were uniform over the whole period of the tests.
No obvious explanation could be found for these variations. The reaction could not be correlated with the clinical condition of the patient. The majority were patients in a convalescent institution and were in fair T. S. health: the diminution of the reaction could not be attributed to debility. Throat swabs taken at short intervals frequently revealed the intermittent presence of streptococcus haemolyticus but its appearance could not be correlated with the subsequent reactions. Sometimes the reactions increased in intensity, but more frequently were altered or reduced following the finding of the organism. Two possible explanations may be offered:
(1) That the skin reactivity of the patient undergoes spontaneous variation.
(2) That the test injections themselves altered the reactivity. If the latter explanation is the true one it becomes necessary to postulate that the intradermal injection of a small quantity of antigen in some cases sensitizes the patient while in others it produces the reverse effect. Owing to the fact that no two individuals react in quite the same way it is impossible to control the effect on reactivity of the minimal doses of antigen used for eliciting the tests themselves.
A small series of patients was tested with repeated intradermal injections of another antigen, viz. normal horse-serum diluted 1/10 (table 6). It was then found that a reaction to horse serum might be clinically identical with This observation was confirmed in a series of experiments on guinea pigs in which daily intradermal injections of undiluted H.S.E. produced reactions which fluctuated in an irregular way.
These findings are of considerable importance in regard to skin reactions i1 general. For example, in the so-called sensitization of animals with subcutaneous or intradermal foci of infection it is customary as a preliminary to test all and to exclude those giving the reaction. Subsequent positive skiti-tests are frequently attributed to the sensitizing procedure. It would appear that the intradermal route may be peculiarly effective in producing hypersensitivity to any antigenic substance.
Repeated Dick tests on the same patient.-In the course of these studies the Dick reaction was of secondary interest and all the available cases were also tested with H.S.E. This must be remembered as a possible cause of the fluctuations observed. The number of tests which were carried out on the same patient rendered it necessary to use the Dick control only when the reaction to toxin was positive, i.e. of over 10 mm. mean diameter. The control solution was thus injected the day after the test proper since it seemed unlikely that the patient's reactivity would undergo any change in this short period.
The results shown in table 7 are illustrative of observations made over long periods in twenty-three cases. These all showed a marked variability in their reactions to the Dick reagents. The same patient might show an apparently true Dick-positive, a pseudo-positive or a negative reaction on repeated testing, while the paradoxical appearance of a larger reaction to the control fluid than to the test toxin was not infrequently observed. Commonly the test was negative on the first occasion and became pseudopositive at a later date. Case 109 in table 7 illustrates this type. In other cases, exemplified by case 118, the test, while negative at the outset, later showed a difference between the toxin and control reactions which might normally be taken as indicating a positive result. Case 152 ( It is not suggested that a marked difference in size between Dick toxin and Dick control reactions indicated a true Dick-positive state. Rather the results suggested that the repeated intradermal inoculations of bacterial extracts and of the Dick reagents were altering the reactivity of the patient's skin to certain constituents in these latter reagents. As with the extract solution itself this reactivity showed an irregular rise and fall. It is of interest that the ' toxin ' and ' control ' reactions did not run parallel in these circumstances. They differed in their irregular periodicity and the result was the quite irregular appearance of ' true positive,' ' pseudopositive ' and ' negative ' Dick reactions in the same individual.
At an early stage of the work this question was studied in a series of twenty-eight cases in which apparently true Dick-positive reactions were associated with a strong reaction to H.S.E. Neutralization experiments were carried out with commercial antitoxin. Mixtures were made up of commercial Dick toxin (diluted for use) of 90 per cent. strength, the antitoxin being present in a 1 in 10 dilution in the mixture. Control tests were made simultaneously with Dick toxin alone and serum alone in the appropriate concentrations. Of the twenty-eight cases no less than twentyone reacted strongly to the serum alone and the tests were thus invalidated. Further questions arise: (1) Whether or not the ' Dick control ' solution (heated toxin) as at present used is an adequate control? It appears possible that the heating to which it has been subjected has altered the antigenic character of those proteins other than toxin whose presence in toxin requires to be controlled. (2) How is the pseudo-reacting substance of ' Dick toxin ' related to the extract of the haemolytic streptococcus ? Apparently intradermal inoculation of extract will sensitize to a constituent of the filtrate and yet the undulations of this pseudo-reaction were not reflected by those of the H.S.E. reaction itself.
An explanation may be that the extract contains a number of antigens one of which is present in the Dick toxin filtrate but that others obscure its effects in tests made with the extract itself. The whole question of skin reactions to such bacterial preparations is obviously a complex one and no hypothesis involving conceptions of simple and clear-cut exotoxin and endotoxin will explain all the observed facts.
The effect of intramuscular injections of H.S.E. on skin reactivity to Dick toxin, Dick control and H.S.E. extract.-Twelve cases were inoculated intramuscularly with extract in order to demonstrate whether or not desensitization could be achieved. It was, of course, realized that the intravenous route would be more suitable but in presence of severe skin reactions this was considered an unjustifiable risk. Intramuscular injections were given at weekly intervals beginning with the skin-test dose, the quantity being gradually increased till in some cases final doses of 10 c.c. of undiluted extract were given. It was significant that no local, focal and general reactions were noted after any of the intramuscular injections even in patients who presented large and even alarming skin reactions.
The results showed that no constant desensitizing effect was produced and that the skin reactions to the various reagents fluctuated in a way similar to that observed in the absence of intramuscular injections. Ilustrative examples are quoted in table 9. The neutralization of reactions by homologous antiserum was of considerable interest as the effect appeared to be to some extent related to the serological type of the organism. Green5 has reported that skin reactions to ' endotoxin ' of haemolytic streptococci varied with the serological type of the organism. The skin reaction characteristic of the allergy of infection is not neutralizable and there is no reason to think that any true antigenic toxin was responsible for the lesions produced. Further study of this problem is necessary to determine the mechanism of the neutralization process.
The results throw doubt on the conception of the skin reaction to extracts of haemolytic streptococcus as a true example of the allergy of infection, at least in adults. Myers, Keefer and Oppell' observed the same variations in skin reactivity to a nucleo-protein antigen prepared from extracts of this organism and also failed to discern any correlation between throat-swab cultures and skin reactions.
Summary.
The results of skin-tests employing the Dick reagents and haemolytic streptococcus extracts, and of simultaneous throat cultures on 586 individuals are described.
No correlation could be discerned between the incidence of the haemolytic streptococcus in the throat and the results of skin reactions to its products.
Repeated tests with ' Dick toxin ' and bacterial extract in the same patient revealed a marked variability in the skin reaction to the reagents used. This could not be related to the clinical condition of the patient nor to the presence of the haemolytic streptococcus in the throat. Analogous results were obtained following repeated intradermal inoculation of diluted normal horse serum.
Dick toxin and Dick control reactions did not run parallel in their fluctuations with the result that the patient might present what appeared to be a true Dick-negative reaction, a positive and a pseudo-reaction on successive tests. Intramuscular injection of extract did not produce local, focal or general reactions and did not appear to influence the skin reaction.
Neutralization of the reaction to bacterial extract was produced in a proportion of cases by an antiserum prepared by immunizing an animal with extract. The reaction to an extract of a serologically unrelated strain was not neutralized by the serum.
Evidencc is presented of the marked thermostability of the skin-reacting principle in extracts. Autoclaving a dilute solution at 1200 C. producedl little diminution of potency.
